The purpose of this report is to record a series of cases of exophthalmic goitre studied intensively by the supravital technique of blood examination. This method was chosen as being particularly suited to the problem since it affords a clear differentiation of the large lymphocyte, monocyte and transitional polymorphonuclear cells, a distinction which is not always possible in the ordinary type of fixed smear.
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HISTORICAL
While Ciuffini (1) described relative lymphocytosis in exophthalmic goitre in 1904, this aspect of the disease did not attract universal attention until the publications of L. Caro (2) (3) . In the year 1907 the latter author described a case of fatal exophthalmic goitre with such atypical findings in the blood that he thought he was dealing with an associated pseudoleukemia. Later (1908) he collected a series of cases showing similar blood pictures. Caro was furthermore able to produce the changes in the blood of normal individuals by the oral administration of thyroid gland. He showed that patients with non-toxic varieties of goitre did not have any alteration in their blood picture. The studies of Kocher (4) in 1908 received the attention of the entire medical profession. He described a triad of blood findings in Basedow's disease which he thought could be used in the early diagnosis of the malady. This triad consisted of leukopenia, relative hypopolynucleosis and relative lymphocytosis. It has come to bear his name as the " Kocher blood picture." Crotti (5) was able to confirm the observations of Kocher and stated that the blood findings were helpful in diagnosing the disease and in estimating its severity.
Crotti (5) observed cases during the postoperative period before the introduction of iodine in the preoperative treatment. We quote him directly as follows: "The same day of the operation the lymphocytes diminish materially while the polynuclears increase; on the following days, however, the blood formula returns to its previous pathological state, and only then improves gradually in direct proportion with the disease and usually becomes normal in the cured cases." DeQuervain (6) stated that the above changes were not limited to exophthalmic goitre, for they occurred in other types of thyroid dyscrasia. Muller (7), Bauer (8) and Lampe (9) were of the same opinion.
Probably the most extensive study of the subject was that of W. A. Plummer (10) (11) in 1928 studied 100 case records of hyperthyroidism, and followed the blood changes in a small series of patients. His conclusions were that relative lymphocytosis was present in hyperthyroidism, but that it was more frequent and more marked in cases with definite exophthalmos. Examination of his protocols reveals that several of his cases of "hyperthyroidism with exophthalmos" had elevated monocyte percentages as well as relative lymphocytosis, a fact which he failed to note. He also presented data to show that after operative treatment of the disease there was a reversion toward a normal blood status. However, no account was taken in his study of the effect of preoperative medication per se on the blood picture.
Most recently, Jackson (12) concluded, from a study of the blood of 600 cases of thyroid disease of various forms, that there was no basis for the Kocher triad, that iodides had no effect on the blood formula, and that there was no parallelism in the height of basal metabolic rate, the severity of the disease and the differential blood picture. METHOD The method of blood examination used in this study has been described in detail by Sabin (13) . It consists, in its main features, of the following steps: thin smears of non-toxic stains, neutral red and janus green, are made on clean, polished slides. Blood is received on a coverslip and allowed to spread on the thin film of stain. The coverslip is then rimmed with vaseline to prevent evaporation. The preparation is examined at body temperature in a warm box with oil immersion objective.
The appearance of the cells with this technique is such that cytoplasmic structure is more clearly made out than in fixed smear. The polymorphonuclear cells are the most conspicuous since their finely granular cytoplasm is in constant amoeboid motion. Lymphocytes are characterized by their lack of granulation, their high mitochondrial content and the paucity or complete absence of components staining with neutral red. The monocyte is motile, more so than the sluggish lymphocyte, and contains a few mitochondria. It is mainly identified by a group of granules which selectively take the neutral red stain and are arranged, for the most part, in the form of a rosette in the crescent of the large indented nucleus. Nuclear contour and consistency are readily appreciated in the supravital technique despite the fact that nuclear material does not take up the stains used. The chromatin network, fine in the monocyte and coarse in the lymphocyte, is a distinguishing feature. We were unable to demonstrate any changes of importance in the blood picture on rest alone during the four or five day period when levels of metabolism and blood counts were being obtained. The results for thirty consecutive cases are given in Table 1 . Total white blood cells Figure 1 represents the percentage distribution of the white blood cell counts of 30 exophthalmic goitre patients and of 310 normal people collected by Lerman (14) . The curves demonstrate that in exophthalmic goitre there is a skewness toward the leukopenic side of the blood picture. Of the goitre patients 80 per cent had counts below 7,000 cells, whereas only 36 per cent of normals had counts below this level. This points to the existence of a definite leukopenia in the disease, a fact which is not so obvious from the average leukocyte count of the series. The latter is 6,495 41 331 cells. Compared to the normal average leukocyte count of 7,850 4 132 cells as obtained by Lerman (14) , the difference is 1,335 :1 357 or 3.8 times its standard deviation. It is, therefore, highly significant statistically. In this connection it is important to note that all the counts in our study were done in the afternoon and therefore represent the peak in the diurnal variation in total white blood cell counts (15) . Morning counts in several instances were recorded as low as 2,400 to 3,100 in patients who had afternoon counts of 5,000 to 6,000 cells. This fact gives additional significance to the recorded difference.
Differential blood picture Tables 2, 3 , and 4 represent the distribution of the polymorphonuclear neutrophiles, lymphocytes and monocytes respectively. We have been unable to find any large series of normal differential counts made by the supravital technique. Consequently we cannot make a final comparison of the above distributions with the normal. The results given by Sabin (15) , based on 175 counts on six normal people, may be used tentatively as the normal level for the supravital method. In Table 5 There is no variation from the normal in the case of basophiles, either in per cent or in absolute number.
It is important to determine what relationship the white blood cell count and its differential picture have to the severity of the disease as measured by the basal metabolic rate, and to one another. There is no correlation whatever between the white blood cell count and the level of metabolism. The average count at different levels of metabolism varies a good deal, but in no consistent way.
There is a slight correlation between the percentage of polymorphonuclear cells and the metabolism, as indicated in Figure 2 . The former tends to increase as the metabolism rises. For example, of the 12 cases with metabolic rates of 50 and over, 7 showed polymorphonuclear counts of 60 per cent or more; whereas only one of the 10 cases with metabolic rates under 40 showed this same percentage of polymorphonuclear cells. Mathematically this relationship, as expressed by the coefficient of correlation, is + 0.324 4 0.115.
The lymphocytes, on the other hand, tend to vary inversely as the level of metabolism. This is also demonstrated graphically in Figure 2 , which shows that the average lymphocyte percentage falls from 27.7 to 21.0 with the rise in level of metabolism. Expressing this fact in a different way, 4 of the 12 cases with metabolic rates of 50 and over had 15 per cent or less of lymphocytes whereas none of the remaining cases had this percentage of lymphocytes. The coefficient of correlation in this case is -0.39 4 0.109. Figure 2 also shows the tendency of the monocytes to increase with the height of the basal metabolic rate. For example, 9 of the 18 cases with metabolic rates under 50 showed a monocyte count of 12 per cent or less, whereas only one of the remaining 12 cases showed this percentage of monocytes. The coefficient of correlation is + 0.403 :1: 0.108-a value of probable significance.
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In the above correlations the finding of a positive relationship between the neutrophile percentage and the height of the basal metabolic rate and a negative relationship between the lymphocyte percentage and the height of the metabolism was unexpected. Since hypopolynucleosis and relative lymphocytosis are common findings, one would expect a decrease in polymorphonuclears and an increase in lymphocytes as the metabolism increased. The explanation for this discrepancy is not clear.
It should be noted that the above discussion refers to the relative numbers of polymorphonuclears, lymphocytes and monocytes. When their absolute numbers are compared with the metabolic rates, all correlation is practically destroyed.
There is no significant correlation between the white blood cell count and its differential formula. On the other hand there is a highly signifi- Eighteen patients were studied under conditions of rest, iodinization and following operation and their data are presented in Table 6 . They include the levels of basal metabolism, white blood cell count, and differential formula of each patient. The postoperative period is divided into two in order to evaluate the effect of the postoperative febrile reaction and the final effect of operation. Figure 3 represents graphically the typical course of the basal metabolic rate, white blood cell count, and monocyte percentage of a patient undergoing the usual treatment of rest, iodine and operation. It demonstrates clearly that changes in monocyte percentage follow closely the changes in metabolism. The rise in metabolism seen in this case in the first few days after the beginning of iodine medication is not uncommon.
There was a concomitant rise in monocyte percentage. The total white blood cell count changed little except for the moderate increase after operation. ). Table 7 summarizes the data presented in Table 6 and will serve as the basis for our subsequent discussion. As in the original table, the averages are arranged in columns to demonstrate the separate effects of rest, iodine, and operation on the blood picture and basal metabolism.
The resting levels for this group of patients are essentially similar to those obtained for the large group of untreated patients listed in Table 1 , and require no further discussion. They serve as controls for the data on the same patients obtained after iodinization and operation. Rest, alone, as stated previously, had no appreciable effect on the blood picture even in those cases which showed considerable diminution in metabolic rate during the rest period.
Iodinization caused the following changes from the resting levels: 1. In 14 of the 18 cases there was a definite decrease in the total of white blood cells, varying from 100 to 3,100 cells; the remaining 4 cases showed an increase. The average decrease as shown in Table 8 amounted to 905 1t 401 cells or 15 per cent of the resting leukocyte count. This decrease is statistically significant.
2. There was a slight increase in absolute number of polymorphonuclear cells and a moderate increase in relative percentage. The latter increased in every case, whereas the former increased in 12 and decreased or was unchanged in 6. The average increase in absolute number of cells was 381 355 which is not significant; whereas the increase in percentage was 17.8 zt 2.76 per cent which is highly significant (see Table 8 ).
3. Both the small and large lymphocytes decreased. There was a slight increase in lymphocytes in 2 cases only. The average change in the lymphocytic series was 7.0 -4 2.77 per cent and 558 i 161 cells for the relative and absolute numbers respectively. 4 . The monocytes showed the most marked decrease, both in percentage and in absolute number. All but one of the patients showed a drop to the normal level of 2 to 5 per cent. A reduction in absolute number of monocytes occurred in every case. The average change was 10.7 4i 0.70 per cent and 705 4 71 cells, both values being highly significant. This represents the most characteristic change in the blood picture in exophthalmic goitre under the influence of iodine.
5. There were variable changes in the percentage and absolute number of eosinophiles and basophiles, but none of these were definitely significant.
Some of the changes in the blood picture under the influence of iodine present interesting relationships to the simultaneous change in basal metabolic rate. The monocytes, both absolute and relative numbers, showed a reduction somewhat proportional to that of the metabolic rate. The changes in total leukocytes, percentage of polymorphonuclears, and percentage and absolute number of lymphocytes showed no significant relationship to the changes in metabolism.
The immediate effect of operation on the blood picture is the resultant of several complex factors. There was a definite rise in total leukocyte count (2,258 41 649 cells) which was mainly due to the rise in the number of polymorphonuclear cells (1,785 + 568) and monocytes (359 + 77). All the other types of cells changed slightly. The increase in monocytes was out of proportion to that of the other cell types. They were the only ones which showed a significant change in the relative number of cells, i.e. an increase of 3.4 41 0.84 per cent.
The final state of the blood picture indicates that operation per se had relatively little effect upon it as compared to the effect of iodine. The polymorphonuclear cells increased slightly; the increase in percentage was statistically significant but the increase in absolute number was not. All the other cell elements decreased slightly, but only the lymphocytes and monocytes showed a significant change. Again the change in monocytes was proportionately larger than that of the other cells. The total leukocyte count decreased slightly (142 1 408 cells) but not significantly.
Operation changes the blood picture of iodinized patients relatively little, whereas it decreases their metabolism considerably (16. 2. The discrepancies in the literature as to the blood picture in exophthalmic goitre are probably due to misclassification of the monocytes, a source of error which is reduced to a minimum by the use of the supravital technique.
3. The most marked and characteristic finding in the blood of patients with exophthalmic goitre is a relative and absolute monocytosis. Leukopenia and hypopolynucleosis are the rule. The percentage of lymphocytes is increased above normal in most cases, but relative lymphocytosis (of 30 per cent and over) occurred in only about a quarter of the cases.
The absolute number of lymphocytes is normal. 4 . The basal metabolic rate shows a direct correlation of probable significance with the percentage of monocytes and of polymorphonuclears respectively, and an inverse correlation of the same order with the percentage of lymphocytes. There is no relationship between the level of metabolism and the total leukocyte count.
5. The most characteristic effect on the blood picture of exophthalmic goitre from the administration of iodine is a reduction both in percentage and absolute number of monocytes. In addition, there is a moderate decrease in percentage and absolute number of lymphocytes, and a significant increase in the percentage but not in the absolute number of neutrophiles. The total number of leukocytes decreases in most cases.
6. The reduction in the number and percentage of monocytes tends to be proportional to the reduction in basal metabolic rate. The changes in the other cell elements and in the total leukocyte count do not show any such relationship to the basal metabolic rate.
7. The immediate effect of operation is to increase the total number of leukocytes, due chiefly to the increase in the number of polymorphonuclear cells and monocytes. Only the percentage of monocytes is significantly changed.
8. The final changes in the blood picture following operation are qualitatively the same as those produced by iodine but are much smaller. The total white blood cell count is reduced slightly but not significantly. The reduction in metabolism is proportionately greater than the change in the blood picture.
9. The possibility of depression of an activated reticulo-endothelial system in exophthalmic goitre by iodine is suggested by the data presented and is discussed briefly in the light of Aschoff's view of the origin of the monocyte.
We are indebted to Dr. James H. Means for supervision of this work and to Dr. Carl F. Doering, of the Department of Vital Statistics, School of Public Health, Harvard University, for guidance in the statistical treatment of the data.
